Introduction
The operating temperature of power devices including next generation IGBTs (Insulated Gate Bipolar Transistors) has been predicted to become higher than 473K In this study, time-dependent mechanical properties of the sintered nano-sized Ag particles were investigated. Stress relaxation was observed from the ambient temperature (0.24Tm), lower than 0.4Tm (493K), at which, as a rule of thumb, creep occurs in metal materials. The stress exponent and the activation energy of the compact portion of Ag are similar to those of dislocation creep. The results in this study, however, do not adapt to the high temperature creep theory from the viewpoint of diffusion. In addition, the elastic modulus of the compact portion of Ag is one fourth of the elastic modulus of bulk Ag. The crystallinity in the vicinity of grain boundaries is considered to be low in quality compared to bulk Ag. Thus, it can also be considered that the grain boundary of such poor quality is closely related to the low modulus of elasticity and the occurrence of low temperature creep.
Key Words: Ag Nano-particles, Mechanical Properties, Ambient-temperature Creep, Grain Boundary, EBSD, FEM as being different from the one occurring based on the general creep theories, it is also very interesting from a scientific point of view and deformation mechanism needs to be elucidated in more detail. With these factors behind, a careful examination was made in this study on time-dependent defoemation behaivor of sintered nano-sized particles, which are expected to serve as an alternative to solders with high melting points.
Experimental

Specimen
Nano-sized Ag particles paste of about 100nm in diameter was used. The specimen was made by forming nano-sized Ag particles paste on a glass plate into a flat plate with a thickness of 0.1mm and a gauge length of 6mm. And then the plate was held for 30 minutes in the ambient air at 353K, which was then sintered at 423K for 30 minutes without pressurization. The schematic illustration of the specimen is shown in Fig. 1 . The microstructure of a nano-sized Ag particles after sintering is shown in Fig. 2 . There are numerous pores in the microstructure after sintering. The volume fraction of pores in the specimen used in the study was 29.2%.
Mechanical testing
To obtain static mechanical properties, a constant-strain rate tensile test was conducted. The conditional requirements At the initial strain rate of 10 -3 /sec. A strain was applied until strain arrived at a given level. Then, the strain was maintained for 10 3 seconds. A micromechanical testing machine equipped with a linear motor for the actuator (Saginomiya: LMH207-10) was used for mechanical testing and an infrared heating furnace was used for elevating temperature.
As shown in 
where, ε ss is the steady-state strain rate, σ is stress, n is the stress exponent, and A is a material constant. For Solver, ANSYS ver.14 was used.
Microstructural observation
For observing the detailed microstructure of the sintered nano-sized Ag particles, the cross sectional surface of the specimen was polished by means of Ar ion sputtering and then a field emission scanning electron microscope (JEOL: JSM-7100F) and electron backscatter diffraction analysis (EBSD;
TSL: 1500M-T1-GE-EX) were used. 
Results and discussion
Deformation behavior of sintered nano-sized Ag particles
Deformation mechanism
It was verified that creep deformation occurs in sintered nano-sized Ag particles even at the ambient temperature in the mechanical testing. A deformation mechanism is examined using the results acquired by inverse analysis hereafter.
Creep properties of the compact portion obtained using the microscale FEM model, are shown in Fig. 6 . The vertical axis represents the steady-state creep strain rate and the horizontal axis represents the stress. At individual test temperatures, power-law creep (Norton's law) is satisfied. The stress exponent, which is the gradient of each straight line, becomes 5 to 8 at each test temperature. As temperature increases, the stress exponent tends to decline. The relationship between temperature compensation strain rate and stress is shown in Fig. 7 . The data at each temperatures falls into one straight line and the creep of the sintered nano-sized Ag particles obeys the Garofalo's rule shown in Equation (2) .
where A 1 , β and n 1 are material constants and Q is the activation energy of creep. When the data of individual test temperatures overlap on one straight line, the activation energy is 106kJ/mol. This is about half of the activation energy for lattice diffusion of Ag 8) . Table 1 Table   2 shows the elastic modulus of the compact portion of sintered nano-sized Ag particles. The elastic modulus of the compact portion at an ambient temperature is extremely low, about one fourth of that (83GPa) of bulk Ag. Recently, it has been reported that Cu film fabricated by plating has low elastic modulus due to low quality grain boundaries 14) , 15) . In consideration of this along with very low fracture elongation in the tensile test, it is predicted that sintered nano-sized Ag particles have the grain boundaries of lower quality where bonding interface between Ag particles is weak compared to bulk Ag. The grain boundary of lower quality is assumed to be closely related to the emergence of creep.
Evaluation of the grain boundary quality
From the results of the microscale FEM analysis, it was predicted that the mechanism of low temperature creep was closely related to the structure of grain boundaries. Although the transmission electron microscope is commonly used for the examination of grain boundaries, the technique of using the CI (Confidence Index) derived from crystallographic orientation analysis based on the electron backscatter diffraction patterns (EBSD) 15) was employed in this study because of the brittleness of the specimen and difficulty in preparing a thin film. CI is the parameter indicating a degree of accuracy of the orientation determination. As the CI increases, the reliability of the orientation analysis increases, according to which the integrity levels of the crystallographic structure increase.
The orientation mapping images of bulk Ag and sintered nano-sized particles captured by EBSD are shown in Fig. 8 .
The CI value of the low quality region was defined as 0. is shown in Table 3 . Grain boundaries of bulk Ag are deemed to be rigid and sharp as shown in Table 3 , and have high CI value in the EBSD analysis results. And, grain boundaries of the sintered nano-sized Ag particles can be considered to be a broad porous field as shown in Table 3 . The fracture surfaces of sintered nano-sized Ag particles after the tensile test are shown in Fig. 9 . There are no traces of deformation inside the particles at all test temperatures and uneven corresponding to shape of the particles is found on the surface. It indicates that the fracture occurs at the grain boundaries and the quality of grain boundaries is low. In addition, the fracture surfaces suggest that the deformation of the grain interior is limited and the grain boundary absorbs strain applied. So, it can be predicted that such poor quality of the structure in the vicinity of grain boundaries results in lowering the elastic modulus, allowing the occurrence of low temperature creep. Thus, the poor quality of the structure in the vicinity of grain boundaries may induce the occurrence of low temperature creep. However, a detail mechanism of the low temperature creep is still unexplained. More studies are necessary to elucidate the mechanism.
Summary
In this study, mechanical properties of sintered nano-sized Ag particles were investigated and findings are as follows:
1) It was observed that stress relaxation occurred from the ambient temperature (0.24T m ), lower than 0.4T m (493K), at which, as a rule of thumb, creep occurs in metal materials, and that creep started to take place at low temperatures.
2) The stress exponent of the compact portion of Ag is 5 to 8 in the range of this study. And the activation energy for creep of the compact portion of Ag was 106kJ/mol, which is half of the activation energy for lattice diffusion of bulk Ag.
3) The elastic modulus of the compact portion of Ag is very low or one fourth of the elastic modulus of bulk Ag.
4) The crystallinity in the vicinity of grain boundaries is considered to be low in quality compared to bulk Ag. Thus, it can also be considered that the grain boundary of such poor quality is closely related to the low modulus of elasticity and 
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